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(54) Isolation of microbial oils 

(57) Tlie extraction of a microbial or single cell oil, 
for example comprising one or more polyunsaturated 
fatty acids (PUFAs), directly from microbial cells is dis- 
closed which avoids the need for solvents. After fermen- 
tation, the microbial cells are pasteurised, washed and 
the cell walls lysed or disrupted by a mechanical (e.g. 
homogenisation), physical (boiling or drying), chemical 
(solvents) or enzymatic (cell wall degrading enzymes) 



technique. The oil (containing the PUFA) is then sepa- 
rated from the resulting cell wall debris. This is achieved 
by centrif ugation, which results in an oily phase (top lay- 
er) that contains the oil which that can be separatedf rom 
an aqueous phase (containing the cell wall debris). Th 
oil can then be extracted and if necessary the PUFA can 
be purified or isolated from the oil. 
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D scription 

[0001] The present invention relates to the extraction 
(and then Isolation) of a microbial (or single ceil) oil, pref- 
erably comprising one or more polyunsaturated fatty ac- 
ids (PUFAs), from single cell (or micro-) organisms. The 
process of the invention involves the disruption or lysis 
of microbial cell walls, followed by separating the oil from 
the resulting cell debris. The invention additionally re- 
lates to a microbial oil recovered by this process, pref- 
erably having a PUFA. 

[0002] Polyunsaturated fatty acids, or PUFAs, are 
found naturally and a wide variety of different PUFAs are 
produced by different single cell organisms (algae, fun- 
gi, etc). They have many uses, for example inclusion 
into foodstuffs (such as infant formula), nutritional sup- 
plements and phamriaceutlcals. 
[0003] In most microbial PUFA production processes 
a microorganism is first cultured in a fermenter in a suit- 
able medium. The microbial biomass is then harvested 
and treated to enable subsequent extraction of a lipid 
from the biomass with a suitable solvent The lipid Is 
usually subjected to several refining steps. Care must 
be taken during the process because degradation can 
occur if the lipids are subjected to lipolysis or oxidising 
conditions, for example heating (in the presence of ox- 
ygen) and/or due to lipases or lipoxygenases. The art 
teaches that to avoid oxidation (such as resulting from 
breaking open the cells and so exposing the contents to 
oxygen) PUFAs can be extracted from whole intact cells 
using a solvent (see WO-A-97/36996 and WO-A- 
97/37032). The use of solvents is a common way of re- 
moving lipids from mbrobial biomass (WO-A- 
98/50674). 

[0004] Although these extraction processes have 
been used for several years, the solvent needs to be 
removed and this results in extra cost, in addition, if the 
lipid is to be used in a foodstuff, it is important that certain 
solvents, such as hexane, are removed completely, or 
only remain in very small quantities. If the hexane is re- 
moved by evaporation then this may involve heating, 
and that not only adds to costs but can cause lipid deg- 
radation. Furthemnore, with increasing environmental 
considerations, the use of solvents for the extraction of 
lipids is becoming increasingly expensive and unpopu- 
lar. 

[0005] The present invention therefore seeks to solve 
or at least mitigate these problems. The Applicant has 
found that lipids, such as those comprising a PUFA, can 
be effteientty extracted from microbial cells without the 
need for sotvent(s). 

[0006] Therefore, according to a first aspect of the 
present invention there is provided a process for obtain- 
ing an oil (or fat or lipid, the temns ar used interchange- 
ably) from microbial ceils, the process comprising (a) 
disrupting (or lysing) the cell walls of the microbial c lis 
to release the oil from the c lis. The (microbial or single 
cell) oil can then be (b) separated from at least part of 



the resulting cell wall debris. One can then (c) recover, 
purify or isolate the microbial oil (oroneormore PUFAs). 
A good yield of the oil can be achieved using this proc- 
ess without the need for a solvent. Preferably the oil will 

5 comprise one or more PUFAs. 

[0007] Recent PUFA preparation processes advocate 
keeping the microbial cells intact (WO-A-97/36996). 
This publication describes a PUFA production process 
where a microbial biomass is generated by femnenting 

10 a microorganism, and following fermentation the cells 
are heated (usually pasteurised). Water is removedf rom 
the biomass, and the resulting material extruded to form 
porous granules. The PUFA is then extracted from the 
intact cells inside the granules by contact with a solvent, 

15 usually hexane. The hexane is then evaporated to pro- 
duce a crude oil. Throughout this process the cells are 
kept intactto prevent oxygen in the atmosphere contact- 
ing the PUFAs and causing undesirable oxidation. How- 
ever, it has now been found that a good quality PUFA 

20 oil can be achieved if the cells are in fact lysed: any po- 
tential oxidation by the atmosphere is more than com- 
pensated by the advantage of avoiding the need for sol- 
vents. 

55 PUFAs and microorganisms 

[0008] In the present invention the microbial cells (or 
microorganism) may be a bacteria, yeast, algae orf ungl. 
Preferred fungi are of the order Mucorales. The fungus 
30 may be of the genus Mortierella, Phycomyces, Ento- 
mopiitliora, Pythium, Thraustochytrium, Blaitestea, Rtii- 
zomucor or Aspergillus. Preferred fungi are of the spe- 
cies Mortierella aipina, Blaiceslea trispora and Aspergil- 
lus terreus. 

35 [0009] Preferred yeasts of the genus Pichia or Sac- 
charomyces, for example Pichia ciferril. Bacteria can be 
of the genus Propionibacterium. Suitable algae are 
dinoflagellate and/or belong to the genus Crypthecod- 
inium, Porphyridium or Nitschia, for example are of the 

40 species Crypthecodinium cohniL 

[0010] Preferred PUFAs are C18, C20 or C22 Q3 or 
Q6 PUFAs. Preferred PUFAs include: 

docosahexaenoic acid (DIHA); 
45 Y-llnolenic acid (Gl-A); 

dlhomo-y-linolenlc acid (DGLA); 
arachidonic acid (ARA); and 
eicosapentaenoic acid (EPA). 

50 [0011] GLAand ARAcan both be obtained from fungi, 
such as Mortierella, Mucor, Pythium or Entomophthora. 
DHA can be obtained from algae or fungi, such as the 
dinoflagellate Crypthecodinium or the fungus Thrausto- 
chytrium. EPA can be produced from algae such as Por- 

55 phyridium or Nitzschia or from fungi such as Mortierella. 
Pr ferr d PUFAs are ARA and DHA. 
[0012] In the process of the invention the mk^robiat 
cells (or mk:roorganisms) can first be suitably cultured 
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or fermented, such as in a fennenter vessel containing 
a culture medium. The fermentation conditions may be 
optimised for a high oil and/or PUFA content in the re- 
sulting blomass. If desirable, and for example after fer- 
mentation is finished, the microorganisms may be killed s 
or pasteurised. This may be to inactivate any undesira- 
ble enzymes, for example enzymes that might degrade 
the oil or reduce the yield of the PUFAs. 
[0013] The femientation broth (biomass and culture 
medium) may then be removed from the fenmenter, and 
if necessary liquid (usually water) removed therefrom. 
Any suitable solid liquid separation technique can be 
used. This (dewatering) may be by centrifugation and/ 
or filtration. The cells may be washed, for example using 
an aqueous solution (such as water) for example to re- 
move any extracellular water-soluble or water-dispersi- 
ble compounds. 

Cell lysis 

[0014] The ceil walls of the microbial cells can then 
be disrupted (or tysed). This can be achieved using one 
or more enzymatic, physical or mechanical methods or 
techniques, for example at high shear conditions. Phys- 
ical techniques include heating and/or drying the cells 
to a sufficient temperature whereby the cell walls are 
ruptured. This may comprise boiling. 
[0015] Enzymatic methods include lysis by one or 
more enzymes, e.g. cell wall degrading enzymes. The 
cell wall degrading enzyme may be a lytic enzyme. Oth- 
er enzymes include (e.g. alkaline) proteases, cellulases, 
hemlcellulases, chitinases and/or pectlnases. Other cell 
wall degrading substances may be used instead of or in 
combination with one or more enzymes, e.g. salts, al- 
kali, and/or one or more surfactants or detergents. A 
combination of physical, mechanical and/or enzymatic 
methods is also contemplated. 

[0016] If a mechanical technique is employed this 
may comprise homogenisation, for example using a ho- 
mogenlser. This may be a ball mill or any other machine 
able to disrupt the cell walls. Suitable homogenizers in- 
clude high pressure homogenizers (for example at a 
pressure of 300 to 500kg/cm^ or bar) such as a polytron 
homogenlzer. Other homogenization techniques may 
involve mixing with particles, e.g. sand and/or glass 45 
beads (e.g. use of a bead mill). Alternative mechanical 
techniques include the use of milling apparatus, for ex- 
ample homoblenders. Other methods of disrupting the 
cell walls include ultrasound, spray drying and/or press- 
ing or appliance of high pressures. This last technique 50 
is called cold-pressing: It may be performed at pres- 
sures of 1 00-600 bar (kg/cm2), such as 150-500 bar, op- 
timally from 200-400 bar 

[0017] Homogenization is the preferred method of 
disrupting the cell walls. Th re may be from 1 to 3 pass- ss 
es through th homogenlser, ith r at high and/or low 
pressures. For example one may use a Gaulin™ ho- 
mogenlzer. at a pressure of from 300 to 900, such as 



400 to 800, and optimally 500 to 600 r 700 bar (Atm or 
kg/m^). Lower pressures may be employed if required, 
e.g. from 150 to 300 bar. Hence working pressures can 
vary from 150 to 900 bar depending on the type of ho- 
mogenlser, number of passes, etc. 
[001 8] Although cell lysis can be performed chemical- 
ly (e.g. using a solvent) this is preferably not employed 
as the process is desireably solvent-free. 
[0019] The disruption of the cell walls may be per- 
formed either on the broth resulting from fermentation 
or on the (optionally washed and/or concentrated) bio- 
mass (e.g following solid liquid separation). 
[0020] In order to improve cell wall disruption, disrup- 
tion may be performed at a dry matter content of about 
10 to 200g/l. This may be on the fermentation broth, for 
example after femientation, or it may be derived from 
the broth, for example after the broth has been subject- 
ed to de-watering and/or solid/liquid separation. 

Separation of oii from cell debris 

[0021 ] The microbial oil is then separated from at least 
part of the cell wall debris formed. Atthis stage the PUFA 
may be in an oily or lipid layer. This may be a top or 
upper layer, which Is (or has risen) above an aqueous 
layer containing cell wall debris. The oily layer compris- 
ing the PUFA can then be separated from the aqueous 
phase. One or more surfactants or detergents may be 
present or added to assist this process. 
[0022] The separation of the oil from at least some of 
the cell wall debris is preferably achieved or assisted by 
using a mechanical method, In particular by centrifuga- 
tion. Suitable centrifuges can be obtained from West- 
falia™ (semi- and industrial scale) or Beckman^^ (e.g. 
laboratory centrifuges). Centrifugation (e.g. for a labo- 
ratory scale centrifuge) may last for from 2 to 8, such as 
from 3 to 7, optimally from 4 to 6 minutes (residence 
time). The centrifugal force (g) may be from 2,000 to 
10,000, such as from 3,000 to 8,000, optimally from 
4,000 to 6,000g, or from 7,000 to 9,000g, although cen- 
trifuges can be employed that have g-forces up to 
12,000g or even 15,000g. One or more centrifugatlons 
may be necessary. The maximum g force may be lower 
If using certain centrifuges, for example this may be 
6000g If using a Westfalia™ centrifuge (e.g. model NA- 
7). The flow rate may be from 1 00-500 litres/hour, such 
as 1 50 to 450 1/hr, optimally from 200 to 400 1/hr. Cen- 
trifugation may result in either a 2-phase system (a fatty 
or oily top layer and a lower aqueous layer) or a 3-phase 
system (a fatty or oily top layer, a middle aqueous layer 
and a bottom layer, usually containing the cell debris). 
[0023] The oil may be free of any carotenoids, e.g. p- 
carotene. Following disruption and separation the proc- 
ess of the invention may further comprise extracting, pu- 
rifying or isolating the oil or on mor PUFAs. 
[0024] One advantage of th process of the invention 
is that one can avoid the need for any solvents, (in this 
context solvents exclude water, since the culture m di- 
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um is usually aqueous and the cells may be washed with 
water). Thus, no (e.g. organic)solvent may be employed 
either in the stage of disrupting the cell walls, or in the 
separation of the PUFA from at least part of the cell wall 
debris. Preferably, no (e.g. organic) solvent is used ei- 
ther in the extraction, purification or isolation of the oil 
or one or more PUFAs. Thus, in essence, the process 
is solvent-free. Thus stages (a), (b) and optionally also 
(c) can be perfomried without an (e.g. organic) solvent, 
for example without the need of a solvent for the oil (or 
PUFA), e.g. an alkane such as hexane. 
[0025] Preferably, the use of a surfactant can also be 
avoided, and each or both of the disruption and separa- 
tion stages (a) and (b) can also be performed without 
the need of a surfactant, for example in the absence of 
any detergents. 

[0026] If the oil comprises a PUFA, then the PUFA Is 
preferably predominantly (such as greater than 50%, 
70% or even 90% or 95%) in the form of triglycerides. 
The oil may be refined and/or treated with an acid and/ 
or alkali if required. 

[0027] The PUFA (or oil containing a PUFA) may be 
subjected to further downstream processing, for exanv 
ple degumming, neutralisation, bleaching, deodoriza- 
tion, orwinterization. 

Overall protocol 

[0028] A prefen-ed process of the present invention 
therefore comprises: 

(a) culturing microbial cells under conditions, for ex- 
ample whereby they produce a microbial oil or at 
least one PUFA; 

(b) heating or pasteurising cells, for example to kill 
the cells and optionally to inactivate any undesira- 
ble enzymes; 

(c) optionally removing an (aqueous) liquid (such as 
dewatering), for example by centrifugation, filtration 
or other solid liquid separation technique; 

(d) optionally, washing the microbial cells, for exam- 
ple with water, preferably to remove extracellular 
water-soluble or water-dispersible compounds; 

(e) disrupting or lysing the cell walls of the microbial 
cells, for example by a physical, enzymatic or me- 
chanical technique (such as homogenlsation. e.g. 
with an homogeniser or a ball mill). This releases 
some of the oil and/or PUFA present in the microbial 
cells. The (mechanical) disruption may be supple- 
mented with or substituted by chemical and/or en- 
zymatic disruption. One can obtain an oil phase and 
an aqueous phase. The oil phase may contain the 
PUFA. The aqueous phase may contain cell debris; 

(f) s paration of the microbial oil (or PUFA) from the 
cell wall debris, for example separation of the oil 
phase from the resultant cell wall debris and/or 
aqu ous phase. This may comprise centrifugation, 
optionally with the addition of one or more salts, a 



pH shift (towards alkaline), and may involve the 
presence of one or more cell degrading enzymes, 
surfactants or emulsifiers; 

(g) extraction, purification or isolation of the oil (or 
5 of the PUFA from the oil phase), for example result- 
ing in a PUFA-containing oil; and 

(h) optionally acid treatment (or degumming), alkali 
treatment (or neutralisation), bleaching, deodoris- 
ing, cooling (or winterisation). This may remove un- 
to desirable substances such as free fatty acids 

(FFAs), proteins, phospholipids, trace metals, pig- 
ments, cariDohydrates, soaps, oxidation products, 
sulphur, pigment decomposition products, sterols, 
saturated triglycerides and/or mono- or di-glycer- 
15 Ides. 

[0029] The heat treatment or pasteurization prefera- 
bly inactivates or denatures one or more oil (or PUFA) 
degrading enzymes. The temperature of heating may 
20 be from 70 to 90°C: such as about 80*^0. It may inacti- 
vate or denature enzymes such as lipases and/or lipox- 
ygenases. 

[0030] One may add one or more (e.g. water and/or 
oil-soluble) antioxidants, for example vitamin C, ascor- 
25 byl palmitate and/or tocopherol, and this may be done 
after stage (b), or at a later stage for example after ex- 
traction, such as before or after any refining (step (h) 
above). 

[0031] There may be one or more additional heating 
30 steps, for example to remove other undesirable com- 
pounds or components. For example, heating may take 
place at an acid pH. for example to remove components 
such as phospholipids, trace metals, pigments, cariDo- 
hydrates and/or proteins. Here the temperature may be 
35 from 50 to 80*'C, such as 55 to 75'»C, optimally from 60 
to 70**C. The pH may be from 1 to 6, such as 2 to 5, 
optimally at a pH from 3 to 4. This can result in degum- 
ming and/or removal of proteins and/or water-soluble or 
water-dispersible compounds. 
40 [0032] Alternatively or in addition a further heating 
step, this time at alkaline pH, may employed. The pH 
may be from 8 to 13, such as from 9 to 1 2, optimally at 
a pH of from 1 0 to 1 1 . The temperature may be the same 
as that described in the previous paragraph. 
45 [0033] The invention will now be described, by way of 
example, with reference to the following Examples 
which are provided by way of illustration only. 

Example 1 

50 

Preparation of crude PUFA (ARA) oil from a 
fermentation broth of Mortierella alpina. 

[0034] A f mnentatlon broth of Mortierella alpina (pre- 
ss viously past urized at 65**C f r 1 hour) containing ara- 
chidonic acid (ARA) was homogenized once by means 
of an MC-4 APV GaulinT** homogenlzer at 600 bar (600 
Atm) to disrupt the cell walls. Subsequently the homog- 
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eniz d broth was centrifuged by means of a Westfalia'^^** 
NA-7 disc centrifuge at maximum speed (about 8.000 
rpm, equivalent to about 8,000g at the disc stacl<) result- 
ing in an arachidonic acid-enriched oily top layer (that 
was recovered from the centrifuge) and a lower aqueous 
layer containing the cell debris. A crude PUFA oil was 
recovered: the yield of oil was 95% (based on the oil in 
the cell). The crude oil had the following approximate 
composition: 1 to 2% sterols and cell debris; 3 to 4% 
phospholipids; 4% monoglycerides; 6% diglycerides; 
and the remainder being triglycerides. 

Example 2: Preparation of crude PUFA (DHA) oil from 
a fermentation broth of Crypthecodinium cohni't 

[0035] Following fermentation 20 litres of a f emienta- 
tlon broth (pasteurised at eS^'C for 1 hour) of the algae 
Crypthecodinium cohnil was homogenized three times 
by means of an of APV Gaulin^^ homogenizer (type: 
Lab 60/60-1 0 TBSX), each time at 600 bar, to lyse the 
algal cell walls. Subsequently a crude oil was recovered 
using a labscale centrifuge (Beckman*^ JM/6E) by cen- 
trif uging the broth in 800ml portions each for 5 minutes 
atSOOOg. This resulted in a OHA-enriched fatty top layer 
(crude oil) and a lower aqueous layer. A crude PUFA oil 
was recovered from the fatty top layer. 



Claims 

1 . A process for obtaining an oil from microbial cells, 
the process comprising: 

(a) disrupting the cell walls of the microbial cells 
to release the oil; and 

(b) separating the oil from at least part of the 
cell wall debris fonned in (a). 

2. A process according to claim 1 wherein: 

(I) the cells are physically, enzymatically or me- 
chanically disrupted, optionally by homogeni- 
sation; and/or 

(ii) the oil comprises one or more polyunsatu- 
rated fatty acids (PUFAs). 

3. A process according to claim 2 which further com- 
prises: 

(c) extracting, purifying or isolating the micro- 
bial oil or one or more PUFAs. 

4. A process according to any preceding claim where- 
in the separation in (b) is by centrifugatlon and/or 
the separation results in the f omnation of an oil layer 
comprising either th microbial oil or the PUFA. 

5. A process according to any of claims 2 to 4 wherein 
the PUFA is a 0^8. Cgo or Cgg n-3 or i2-6 PUFA 



(optionally ARA, EPA, DHA and/or GLA) and/or is 
present In an oil or lipid. 

6. A process according to any preceding claim where- 
5 in the microbial cells are yeast, bacterial, fungal or 

algal cells. 

7. A process according to any of claims 2 to 7 wherein 
no solvent (such as for the oil or PUFA) is employed 

10 in stages (a) and (b), and optionally also in (c). 

8. A process according to any preceding claim which 
comprises, before (a), culturing or femienting mi- 
crobial cells under conditions that allow production 

IS of the oil, and if necessary pasteurising and/or heat- 
ing the cells. 

9. A process according to any preceding claims 
wherein the disruption of the cell walls is assisted 

^ by one or more cell wall degrading enzymes or sur- 
factants. 

10. A microbial or single cell oil comprising a PUFA, or 
a PUFA, obtained by a process according to any 

2s preceding claim. 
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